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COMPONENT BUILT-IN WIRING BOARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Japanese
Patent Application No. 2008-075169, filed on Mar. 24, 2008,
the entire contents of which are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] Devices consistent with the present invention relate
to a component built-in wiring board which includes a capaci-
tor having an electrode layer and a dielectric layer.

[0004] 2. Related Art

[0005] In recent years, a semiconductor integrated circuit
device (an IC chip) to be used as a microprocessor of a
computer has been enhanced in a speed and a function
increasingly. Incidentally, there is a tendency that the number
of terminals is increased and a pitch between the terminals is
also reduced. In general, a large number of terminals are
densely disposed in an array on a bottom surface of the IC
chip, and the terminal group is connected to a terminal group
on a mother board side by flip chip bonding. The pitch
between the terminals has a great difference for the terminal
group on the IC chip side and the terminal group on the
mother board side. For this reason, it is hard to directly con-
nect the IC chip onto the mother board. Therefore, there is
usually employed a technique for fabricating a package
including an IC chip in a core substrate of a wiring board (see
e.g., JP-A-2003-309243 (e.g., FIG. 1), JP-A-2002-246761
(e.g., FIG. 14)) or a package having an IC chip mounted on a
wiring board, and mounting the package on a mother board.
In a wiring board constituting the package of this type, it has
been proposed to provide a capacitor (or condenser) in order
to reduce a switching noise and to stabilize a power voltage in
the IC chip. As an example, there has been provided a wiring
board in which a chip-shaped capacitor is embedded in a core
substrate and a build-up layer is formed on a front surface and
a back surface of the core substrate.

[0006] Inthe case, although a component such as an IC chip
is included in a core substrate, a space in the core substrate is
occupied by the IC chip. Therefore, it is hard to embed a
capacitor in the core substrate. For this reason, the capacitoris
to be mounted on a wiring board. Even if the capacitor can be
embedded in the core substrate, moreover, it is necessary to
dispose the capacitor to keep away from the IC chip. As a
result, a length of a wiring for connecting the capacitor to the
IC chip is likely to be increased. Therefore, an inductance
component of the wiring is likely to be increased. Conse-
quently, it is impossible to reliably reduce a switching noise
of'the IC chip by the capacitor and to surely stabilize a power
voltage.

SUMMARY OF THE INVENTION

[0007] Exemplary embodiments of the present invention
address the above disadvantages and other disadvantages not
described above. However, the present invention is not
required to overcome the disadvantages described above, and
thus, an exemplary embodiment of the present invention may
not overcome any of the problems described above.

[0008] Accordingly, it is an aspect of the present invention
to provide a component built-in wiring board which can
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eliminate a drawback caused by an increase in a length of a
wiring for connecting a component to a capacitor.

[0009] According to exemplary embodiments of the
present invention, a component built-in wiring board is pro-
vided. The component built-in wiring board comprises: a core
substrate having a core front surface and a core back surface
opposite to the core front surface, the core substrate compris-
ing a housing hole opened on at least the core front surface
side; a first component having a component front surface and
a component back surface opposite to the component front
surface, wherein the first component is housed in the housing
hole such that the core front surface and the component front
surface are directed to the same direction; a first built-up layer
formed on the core front surface of the core substrate, the first
built-up layer comprising a plurality of insulating layers and
a plurality of wiring layers, wherein a surface of the first
built-up layer has a component mounting region on which a
second component electrically connected to the first compo-
nent is mounted; a second built-up layer formed on the core
back surface of the core substrate, the second built-up layer
comprising a plurality of insulating layers and a plurality of
wiring layers; and a capacitor comprising: an electrode layer;
a dielectric layer formed on the electrode layer, wherein the
capacitor is embedded in at least one of the first built-up layer
and the second built-up layer such that the capacitor is in
parallel with a surface of the at least one of the first built-up
layer and the second built-up layer.

[0010] According to the component built-in wiring board,
therefore, the capacitor is embedded in at least one of the first
built-up layer and the second built-up layer. Even if the first
component is housed in the housing hole of the core substrate,
consequently, a wiring for connecting the first component to
the capacitor is shortened. As a result, it is possible to prevent
an increase in an inductance component of the wiring. There-
fore, it is possible to eliminate a drawback caused by an
increase in a length of the wiring.

[0011] The core substrate is formed to have a plate shape
having the core front surface and the core back surface. Fur-
ther, the core substrate has the housing hole for accommodat-
ing the first component. The housing hole may be a non-
through hole opened on only the core front surface side or a
through hole opened on both the core front surface side and
the core back surface side. Although the first component may
be housed in the housing hole such that it is perfectly embed-
ded therein or may be housed in the housing hole such that it
is partially protruded from an opening portion of the housing
hole, it is advantageous that the first component should be
housed in the housing hole such that it is perfectly embedded
therein. Thus, it is possible to prevent the first component
from being protruded from the opening portion of the housing
hole. Accordingly, it is possible to flatten the surface of the
first built-up layer formed on the core front surface and the
surface of the second built-up layer formed on the core back
surface. Consequently, it is possible to enhance precision in
dimensions of the first built-up layer and the second built-up
layer.

[0012] Although amaterial for forming the core substrate is
not particularly restricted, it is advantageous that core sub-
strate is formed of a polymeric material as a main component.
For example, the polymeric material for forming the core
substrate may include an EP resin (epoxy resin), a PI resin
(polyimide resin), a BT resin (bismaleimide triazine resin)
and a PPE resin (polyphenylene ether resin). In addition, it is
also possible to use a composite material of the resins and an
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organic fiber such as a glass fiber (a glass woven fabric or a
nonwoven glass fabric) or a polyamide fiber.

[0013] The first component has the component front sur-
face and the component back surface. Although the first com-
ponent is formed into any shape, it is advantageous that the
first component is formed into a plate shape in which an area
of'the component front surface is larger than that side surfaces
thereof, for example. When the first component is housed in
the housing hole, thus, a distance between the internal wall
surface of the housing hole and the component side surface of
the first component is reduced. Therefore, it is not necessary
to greatly increase a volume of a resin filler filled in the
housing hole.

[0014] For example, the first component may include a
semiconductor integrated circuit device (IC chip) and a Micro
Electro Mechanical Systems (MEMS) device manufactured
in a semiconductor manufacturing process. Furthermore, the
IC chip may include a Dynamic Random Access Memory
(DRAM) and a Static Random Access Memory (SRAM). The
“semiconductor integrated circuit device” is mainly used as a
microprocessor of a computer.

[0015] According to the first built-up layer, the insulating
layers, which are formed of polymeric material as a main
component, and the wiring layers are alternately formed on
the core front surface. Meanwhile, according to the second
built-up layer, the insulating layers, which are formed of
polymeric material as a main component, and the wiring
layers are alternately formed on the core back surface.
[0016] The insulating layers may be properly selected in
consideration of an insulating property, a heat resistance and
a moisture resistance. For example, the polymeric material
for forming the insulating layers may include a thermosetting
resin such as an epoxy resin, a phenol resin, an urethane resin,
a silicone resin, a polyimide resin, a bismaleimide—triazine
resin, a Xylene resin or a polyester resin and a thermoplastic
resin such as a polycarbonate resin, an acrylic resin, a poly-
acetal resin or a polypropylene resin.

[0017] The wiring layers may be formed of conductive
metallic material. For example, the metallic material may
include copper, silver, iron, cobalt and nickel. In particular, it
is advantageous that the wiring layers should be formed of
inexpensive copper having a high conductivity. Moreover, it
is advantageous that the wiring layers should be formed by
plating. Thus, it is possible to easily form the wiring layers at
a low cost. However, the wiring layers may be formed by
printing a metal paste.

[0018] The first built-up layer has a surface to which the
component mounting region is provided. The second compo-
nent, which is electrically connected to the first component,
can be mounted on the component mounting region. The
“component mounting region” is positioned under the lower
surface of the second component when the second component
is mounted, and takes almost the same external shape as that
of'the lower surface of the second component. Moreover, the
area of the component mounting region is set to be equal to or
smaller than that of the lower surface of the second compo-
nent. The “component mounting region” implies a region
where a plurality of terminals exposed to the surface of the
first built-up layer is provided. For example, second compo-
nent may include the IC chip (the DRAM or the SRAM) and
the MEMS device.

[0019] Itisadvantageous that the capacitor should have the
electrode layers and the dielectric layer and should be a sheet-
shaped capacitor which is embedded in at least one of the first
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built-up layer and the second built-up layer. Even if the
capacitor is embedded in the first built-up layer or the second
built-up layer, thus, the thickness of the component built-in
wiring board is increased with difficulty. Although the capaci-
tor may be embedded in only the first built-up layer, only the
second built-up layer or both the first built-up layer and the
second built-up layer, it is advantageous that the capacitor
should be embedded in at least the first built-up layer. Con-
sequently, the wiring for connecting the first component to the
capacitor is shortened, and furthermore, the wiring for con-
necting the second component mounted on the component
mounting region to the capacitor is also shortened. Therefore,
it is possible to prevent the increase in the inductance com-
ponent of the wiring more reliably.

[0020] Forexample, the electrical connection ofthe capaci-
tor to the component mounting region may include an elec-
trical connection of the capacitor to the power terminal
present in the component mounting region through the power
wiring provided in the first built-up layer, and an electrical
connection of the capacitor to the ground terminal present in
the component mounting region through the ground wiring
provided in the first built-up layer.

[0021] Although the thickness of the whole capacitor is not
particularly restricted, it is sufficient that the thickness is
equal to or greater than 1 um and is equal to or smaller than
100 pym and it is advantageous that the thickness should be
equal to or greater than 5 um and should be equal to or smaller
than 75 um. When the thickness of the whole capacitor is
smaller than 1 um, a sufficient strength cannot be maintained
and the capacitor is hard to handle as a single capacitor. On the
other hand, when the thickness of the whole capacitor is
greater than 100 um, there is a possibility that an increase in
a density and a reduction in a size of the component built-in
wiring board might be inhibited from being achieved. When
the capacitor is provided in the component built-in wiring
board, moreover, a step is likely to be generated. Therefore,
there is a possibility that a smoothness of the substrate surface
might be ensured with difficulty. As a result, there is a possi-
bility that a connecting reliability of the second component
mounted on the substrate surface and the component built-in
wiring board might be deteriorated.

[0022] Although the electrode layer or the dielectric layer
in the capacitor may be constituted by only one layer or may
be constituted by two layers or more, it is advantageous that
the number of the electrode layers or the dielectric layers
should be small. If the number of the electrode layers or the
dielectric layers is increased, it is impossible to increase the
density and to reduce the size (to reduce a thickness) in the
component built-in wiring board while it is possible to
increase a capacity of the capacitor. In this case, therefore, it
is advantageous that an external dimension of the capacitor
should be set to be larger than that of the first component and
that of the component mounting region, and a region in which
the capacitor is provided should include a region in which the
first component is provided and the component mounting
region when viewed from the thickness direction of the com-
ponent built-in wiring board. Also, when the thickness of the
component built-in wiring board is reduced, consequently, it
is possible to increase the capacity of the capacitor by setting
the external dimension of the capacitor to be large.

[0023] For example, material for forming the electrode
layer may include silver, gold, platinum, copper, titanium,
aluminum, palladium, nickel and tungsten. In particular, it is
advantageous to use the nickel having a comparatively high

IPR2026-00066
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melting point. In this case, if the dielectric layer is formed by
ceramic having a high dielectric constant, it can be simulta-
neously burnt together with the dielectric layer. Moreover, the
electrode layer is formed of comparatively inexpensive mate-
rial. Therefore, it is possible to reduce a cost of the capacitor.
[0024] Itis advantageous that the thickness of the electrode
layer should be equal to or greater than 0.1 um and should be
equal to or smaller than 50 um, for example. If the thickness
of' the electrode layer is smaller than 0.1 pum, there is a possi-
bility that the electrical reliability might be ensured with
difficulty. On the other hand, if the thickness of the electrode
layer is greater than 50 um, there is a possibility that the
thickness of the whole capacitor might be increased. If the
thickness is set in a range 0of 0.1 um or more to 50 pm or less,
it is possible to prevent an increase in the thickness of the
whole capacitor while ensuring the electrical reliability.
[0025] The dielectric layer indicates a layer containing an
inorganic substance having a high dielectric constant (for
example, dielectric ceramic) as a main component. The
dielectric ceramic implies ceramic having a high dielectric
constant (which is defined to be ceramic having a dielectric
constant of 10 or more), and composite oxide having a crystal
structure of a perovskite type corresponds thereto, for
example. For example, the composite oxide may include a
compound constituted by at least one selected from barium
titanate, lead titanate and strontium titanate.

[0026] It is sufficient that the thickness of the dielectric
layer is equal to or greater than 0.1 pm and is equal to or
smaller than 50 um, for example, and it is advantageous that
the thickness should be equal to or greater than 0.5 um and
should be equal to or smaller than 20 um. It is advantageous
that the thickness of the dielectric layer is reduced to increase
the capacity of the capacitor. Meanwhile, when the thickness
of the dielectric layer is excessively reduced to be smaller
than 0.1 um, there is a possibility that insulation between the
electrode layers might be maintained with difficulty if at least
two electrode layers are provided. On the other hand, when
the thickness of the dielectric layer is greater than 50 pum,
there is a possibility that the increase in the capacity might be
achieved with difficulty and the thickness of the whole
capacitor might be increased.

[0027] When the first component and a signal terminal
present in the component mounting region are electrically
connected to each other through a signal wiring provided in
the first built-up layer, it is advantageous that a through hole
should be formed to penetrate the capacitor in the thickness
direction thereof and the signal wiring should be disposed in
the through hole in a non-contact state with an internal wall
surface of the through hole. Also, when the external dimen-
sion of the capacitor is increased, consequently, the first com-
ponent and the second component mounted on the component
mounting region can be electrically connected to each other
reliably.

[0028] A conventional method can be employed for the
method of forming a through hole. For example, the method
may include an etching processing, a laser processing, a cut
processing, a drill processing and a punching processing.
[0029] Furthermore, it is advantageous that a component
mounting portion on which a surface mounting component is
mounted should be set to a surface of the first built-up layer or
a surface of the second built-up layer, the first component and
the power terminal present in the component mounting por-
tion should be electrically connected to each other through a
power wiring provided in the first built-up layer or the second
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built-up layer, and the first component and the ground termi-
nal present in the component mounting portion should be
electrically connected to each other through a ground wiring
provided in the first built-up layer or the second built-up layer.
Consequently, it is possible to achieve the increase in the
density of the component built-in wiring board by mounting
the surface mounting component on the component mounting
portion.

[0030] For example, surface mounting component may
include a chip capacitor, a register, the IC chip (the DRAM or
the SRAM) and the MEMS device.

[0031] The “component mounting portion” indicates a
region positioned just above the upper surface of the surface
mounting component when the surface mounting component
is mounted, and takes almost the same external shape as the
upper surface of the surface mounting component. Moreover,
the area of the component mounting portion is set to be equal
to or smaller than that of the upper surface of the surface
mounting component. Also, the “component mounting por-
tion” indicates a region in which a plurality of terminals
exposed to the surface of the second built-up layer is present.
It is advantageous that the shape of the component mounting
portion should be almost the same as that of the component
mounting region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic sectional view showing a
wiring board according to an exemplary embodiment of the
present invention;

[0033] FIG. 2 is an explanatory view showing a positional
relationship between a ceramic capacitor and an IC chip;
[0034] FIG. 3 is an explanatory view showing a method of
manufacturing the wiring board;

[0035] FIG. 4 is an explanatory view showing the method
of manufacturing the wiring board;

[0036] FIG. 5 is an explanatory view showing the method
of manufacturing the wiring board;

[0037] FIG. 6 is an explanatory view showing the method
of manufacturing the wiring board;

[0038] FIG. 7 is an explanatory view showing the method
of manufacturing the wiring board;

[0039] FIG. 8 is an explanatory view showing the method
of manufacturing the wiring board;

[0040] FIG. 9 is an explanatory view showing the method
of manufacturing the wiring board;

[0041] FIG. 10 is an explanatory view showing the method
of manufacturing the wiring board;

[0042] FIG. 11 is an explanatory view showing the method
of manufacturing the wiring board;

[0043] FIG. 12 is an explanatory view showing the method
of manufacturing the wiring board;

[0044] FIG. 13 is a schematic sectional view showing a
wiring board according to another exemplary embodiment of
the present invention;

[0045] FIG. 14 is a schematic sectional view showing a
wiring board according to still another exemplary embodi-
ment of the present invention;

[0046] FIG. 15 is an explanatory view showing a positional
relationship between a ceramic capacitor and an IC chip
according to the another exemplary embodiment of the
present invention; and
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[0047] FIG.16is an explanatory view showing a positional
relationship between a ceramic capacitor and an IC chip
according to the still another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENT OF THE INVENTION

[0048] Exemplary embodiments of the present invention
will be now described with reference to the drawings.
[0049] As shown in FIG. 1, a component built-in wiring
board according to the exemplary embodiment (which will be
hereinafter referred to as a “wiring board”) 10 is a wiring
board for integrating an IC chip. The wiring board 10 is
constituted by a core substrate 11 having a shape of an almost
rectangular plate, a first built-up layer 31 formed on a core
front surface 12 (an upper surface in FIG. 1) of the core
substrate 11, and a second built-up layer 32 formed on a core
back surface 13 (a lower surface in FIG. 1) of the core sub-
strate 11.

[0050] The core substrate 11 according to the exemplary
embodiment has a shape of an almost rectangular plate seen
on a plane in a length of 25 mm, a width of 25 mm and a
thickness of 1.0 mm. The core substrate 11 has a coefficient of
thermal expansion in a planar direction (an XY direction)
which is approximately 10 to 30 ppm/® C. (more specifically,
18 ppm/° C.). The coefficient of thermal expansion of the core
substrate 11 has a mean measured value of 0° C. to a glass
transition temperature (Tg). The core substrate 11 is consti-
tuted by a base material 161 formed of glass epoxy, a sub base
material 164 provided on upper and lower surfaces ofthe base
material 161 and formed by an epoxy resin to which an
inorganic filler such as a silica filler is added, and a conductor
layer 163 provided on the upper and lower surfaces of the base
material 161 and formed of copper. Moreover, a plurality of
through hole conductors 16 are formed on the core substrate
11 to penetrate the core front surface 12, the core back surface
13 and the conductor layer 163. The through hole conductor
16 connects and conducts the core front surface 12 side of the
core substrate 11 to the core back surface 13 side and electri-
cally connects them to the conductor layer 163. An inner part
of'the through hole conductor 16 is filled with a blocking body
17 such as an epoxy resin. Furthermore, the core substrate 11
has a single housing hole 90 opened in a central part of the
core back surface 13 and that of the core front surface 12 and
having a rectangular shape seen on a plane. In other words, the
housing hole 90 is a through hole.

[0051] Asshownin FIG. 1, an IC chip 61 (a semiconductor
integrated circuit device) to be a first component is housed in
the housing hole 90 in a embedded state. The IC chip 61 is
housed such that the core front surface 12 of the core substrate
11 and a chip front surface 62 are directed to the same direc-
tion. The IC chip 61 according to the exemplary embodiment
is formed into a plate-shape, for example, a rectangular shape
seen on a plane in a length of 10.0 mm, a width of 10.0 mm
and a thickness 0f 0.9 mm and is formed of silicon which has
a coefficient of thermal expansion of approximately 3 to 4
ppm/° C. (more specifically, approximately 3.5 ppm/® C.).
The IC chip 61 has the single chip front surface 62 (an upper
surface in FIG. 1) to be a component front surface, a single
chip back surface 63 (a lower surface in FIG. 1) to be a
component back surface, and four chip side surfaces 64.
Moreover, a surface connecting terminal 65 is protruded from
a plurality of places on the chip back surface 63.
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[0052] A clearance between the housing hole 90 and the IC
chip 61 is filled with a resin filler 92 formed by a polymeric
material (an epoxy resin to be the thermosetting resin accord-
ing to the exemplary embodiment). The resin filler 92 has a
function for fixing the IC chip 61 to the core substrate 11.

[0053] As shown in FIG. 1, in the first built-up layer 31
formed on the core front surface 12 of the core substrate 11,
three insulating layers 33, 35 and 37 formed of the thermo-
setting resin (the epoxy resin) and a wiring layer 41 formed of
copper are formed alternately. In the exemplary embodiment,
the first built-up layer 31 has a coefficient of thermal expan-
sion of approximately 10 to 60 ppm/°® C. (more specifically,
approximately 20 ppm/® C.). The coefficient of thermal
expansion of the first built-up layer 31 indicates a mean
measured value of 30° C. to the glass transition temperature
(Tg). Moreover, a via conductor 43 formed by copper plating
is provided in the insulating layers 33, 35 and 37. Further-
more, a via conductor 44 formed of a cured substance of a
copper paste, which is a kind of a conductive paste, is pro-
vided in the insulating layer 35. An upper end of the through
hole conductor 16 is electrically connected to a part of the
wiring layer 41 provided on a surface of the insulating layer
33 to be a first layer. Moreover, a part of the via conductor 43
provided in the insulating layer 33 is connected to the surface
connecting terminal 65 of the IC chip 61.

[0054] A signal terminal pad 23 constituting a signal ter-
minal, a power terminal pad 24 constituting a power terminal
and a ground terminal pad 27 constituting a ground terminal
are formed in an array in a plurality of areas on a surface of the
insulating layer 37 to be a third layer. Furthermore, the sur-
face of the insulating layer 37 is covered almost wholly with
a solder resist 50. An opening portion 46 for exposing the
terminal pads 23, 24 and 27 is formed in a predetermined
place of the solder resist 50. A signal solder bump 25 consti-
tuting the signal terminal is provided on a surface of the signal
terminal pad 23, a power solder bump 26 constituting a power
terminal is provided on a surface of the power terminal pad
24, and a ground solder bump 28 constituting a ground ter-
minal is provided on a surface of the ground terminal pad 27.
Each of the solder bumps 25, 26 and 28 is electrically con-
nected to a surface connecting terminal 22 of an IC chip 21 (a
semiconductor integrated circuit device) to be a second com-
ponent. The IC chip 21 according to the exemplary embodi-
ment is formed into a plate-shape, for example, a rectangular
shape seen on a plane in a length of 12.0 mm, a width of 12.0
mm and a thickness of 0.9 mm and is formed of silicon which
has a coefficient of thermal expansion of approximately 3 to
4 ppm/° C. (more specifically, approximately 3.5 ppm/° C.).
The terminal pads 23, 24 and 27 and the solder bumps 25, 26
and 28 are present in a component mounting region 20 where
the IC chip 21 is mounted. The component mounting region
20 is provided to a surface 39 of'the first built-up layer 31 and
has a rectangular shape seen on a plane in a length of 12.0 mm
and a width of 12.0 mm.

[0055] As shown in FIG. 1, the second built-up layer 32
formed on the core back surface 13 of the core substrate 11
has almost the same structure as the first built-up layer 31.
More specifically, the second built-up layer 32 has a coeffi-
cient of thermal expansion of approximately 10 to 60 ppm/®
C. (more specifically, approximately 20 ppm/° C.) and has a
structure in which three insulating layers 34, 36 and 38
formed of a thermosetting resin (an epoxy resin) and a wiring
layer 42 are alternately formed. Moreover, a via conductor 47
formed by copper plating is provided in the insulating layers
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34, 36 and 38, respectively. A lower end of the through hole
conductor 16 is electrically connected to a part of the wiring
layer 42 provided on a lower surface of the insulating layer 34
to be a first layer. Furthermore, a pad 48 for a BGA to be
electrically connected to the wiring layer 42 through the via
conductor 47 is formed like a grid in a plurality of areas on a
lower surface of the insulating layer 38 to be a third layer.
Moreover, the lower surface of the insulating layer 38 is
covered almost wholly with a solder resist 51. An opening
portion 40 for exposing the pad 48 for a BGA is formed in
given portions of the solder resist 51. A plurality of solder
bumps 49 for carrying out an electrical connection to a mother
board (not shown) is provided on a surface of the pad 48 for a
BGA. With the solder bump 49, the wiring board 10 shown in
FIG. 1 is mounted on the mother board (not shown).

[0056] As shown in FIGS. 1 and 2, a sheet-shaped ceramic
capacitor 101 is embedded in an interface between the insu-
lating layers 35 and 37 which are adjacent to each other in the
first built-up layer 31. The ceramic capacitor 101 according to
the exemplary embodiment is formed into a plate-shape, for
example, a rectangular shape seen on a plane in a length of
24.0 mm, a width of 24.0 mm and a thickness 0of 0.02 mm. In
other words, an external dimension of the ceramic capacitor
101 is set to be larger than that of the IC chip 61 and that of the
component mounting region 20. When the wiring board 10 is
seen in a thickness direction, moreover, a region in which the
IC chip 61 is provided and the component mounting region 20
are included in a region in which the ceramic capacitor 101 is
provided (see FIG. 2). In other words, the ceramic capacitor
101 is disposed between the IC chip 61 and the component
mounting region 20. The IC chip 61 according to the exem-
plary embodiment is not disposed under the IC chip 21
mounted on the component mounting region 20.

[0057] As shown in FIG. 1, in the ceramic capacitor 101,
two nickel electrode layers 102 and 103 interpose a single
dielectric layer 104 formed of barium titanate therebetween.
In the exemplary embodiment, the first nickel electrode layer
102 and the second nickel electrode layer 103 are set to have
a thickness of 8 pm and the dielectric layer 104 is set to have
athickness of 4 um. Moreover, a coefficient of thermal expan-
sion of the dielectric layer 104 is lower than 15 ppm/® C.,
more specifically, approximately 12 to 13 ppm/°® C. The coef-
ficient of thermal expansion of the dielectric layer 104 indi-
cates a mean measured value of 30° C. to 250° C.

[0058] The first nickel electrode layer 102 has a first front
surface 105 and a second front surface 106 which are dis-
posed in parallel with the surface 39 of the first built-up layer
31. The first front surface 105 of the first nickel electrode
layer 102 is provided in face contact with the insulating layer
37, and the dielectric layer 104 is formed on the second front
surface 106 of the first nickel electrode layer 102. The first
nickel electrode layer 102 is electrically connected to the
power terminal pad 24 and the power solder bump 26 through
a power wiring 112 provided in the first built-up layer 31.
Moreover, the second nickel electrode layer 103 is electri-
cally connected to the ground terminal pad 27 and the ground
solder bump 28 through a ground wiring 113 provided in the
first built-up layer 31. The wirings 112 and 113 are consti-
tuted by the via conductor 43 provided in the insulating layer
37.

[0059] As shown in FIG. 1, the second nickel electrode
layer 103 has a first front surface 107 and a second front
surface 108 which are disposed in parallel with the surface 39
of'the first built-up layer 31. The dielectric layer 104 is formed
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on the first front surface 107 of the second nickel electrode
layer 103, and the second front surface 108 of the second
nickel electrode layer 103 is provided in face contact with the
insulating layer 35. The second nickel electrode layer 103 is
connected to an upper end face of the via conductor 44 pro-
vided in the insulating layer 35.

[0060] When applying current to the ceramic capacitor 101
having the above structure and applying a given voltage
between the first nickel electrode layer 102 and the second
nickel electrode layer 103, a positive charge is stored in one of
the electrode layers and a negative charge is stored in the other
electrode layer.

[0061] As shown in FIGS. 1 and 2, a through hole 109
penetrating the ceramic capacitor 101 in a thickness direction
thereof is formed in a plurality of places of the ceramic
capacitor 101. Although a shape of the through hole 109 is not
particularly restricted, the through hole 109 according to the
exemplary embodiment has a circular shape seen in the thick-
ness direction of the ceramic capacitor 101 (see FIG. 2). A
part of the insulating layers 35 and 37 is provided in each
through hole 109. Moreover, a single signal wiring 111 is
disposed in each through hole 109. The signal wiring 111 is
disposed in non-contact with an internal wall surface of the
through hole 109. The signal wiring 111 is constituted by the
wiring layer 41 and the via conductor 43. The signal wiring
111 serves to electrically connect the IC chip 61 to the signal
terminal (the signal terminal pad 23 and the signal solder
bump 25). Accordingly, the IC chip 21 to be connected to the
signal solder bump 25 is electrically connected to the IC chip
61 through the signal wiring 111.

[0062] Next, description will be given to a method of manu-
facturing the wiring board 10 according to the exemplary
embodiment.

[0063] At a core substrate preparing step, an intermediate
product of the core substrate 11 is fabricated by a conven-
tional technique and is prepared in advance.

[0064] The intermediate product of the core substrate 11 is
fabricated in the following manner. First of all, there is pre-
pared a copper-clad laminate (not shown) having a copper foil
laminated on both sides of the base material 161 having a
length of 400 mm, a width of 400 mm and a thickness of 0.8
mm. Next, the copper foils on both sides of the copper-clad
laminate are subjected to etching so as to pattern the conduc-
tor layer 163 by a subtractive process, for example. More
specifically, nonelectrolytic copper plating is carried out and
electrolytic copper plating is then carried out using the non-
electrolytic copper plated layer as a common electrode. Fur-
thermore, a dry film is laminated to carry out an exposure and
a development over the dry film so that the dry film is formed
into a certain pattern. In this state, the electrolytic copper
plated layer, the nonelectrolytic copper plated layer and the
copper foil, which are unnecessary, are removed. Thereafter,
the dry film is peeled. Next, the upper and lower surfaces of
the base material 161 and the conductor layer 163 are rough-
ened and an epoxy resin film (a thickness of 80 um) having an
inorganic filler added thereto is subsequently bonded to the
upper and lower surfaces of the base material 161 through
thermal compression bonding, so that the sub base material
164 is formed.

[0065] Then, the laminated body formed by the base mate-
rial 161 and the sub base material 164 is subjected to perfo-
rating by using a router to form a through hole serving as the
housing hole 90 in a given position. Consequently, the inter-
mediate product of the core substrate 11 is obtained (see FIG.
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3). The intermediate product of the core substrate 11 is a core
substrate which is capable of obtaining a plurality of core
substrates 11 and in which a plurality of regions to be the core
substrate 11 are arranged vertically and transversely in a
planar direction.

[0066] At an IC chip preparing step, furthermore, the IC
chip 21 and the IC chip 61 are fabricated by a conventional
technique and are thus prepared in advance.

[0067] Atacapacitor preparing step, moreover, the ceramic
capacitor 101 is fabricated by a conventional technique and is
thus prepared in advance.

[0068] The ceramic capacitor 101 is fabricated in the fol-
lowing manner. First of all, a dielectric slurry is prepared in
accordance with the following procedure. When barium titan-
ate powder (dielectric powder) having a mean particle diam-
eter of 0.7 pm, a mixed solvent of ethanol and toluene, a
dispersing agent and a plasticizer are subjected to wet blend-
ing in a pot and are mixed sufficiently, an organic binder is
added and they are further mixed. Consequently, there is
obtained a dielectric slurry to be a starting material in a
formation of a dielectric green sheet. At this time, a blending
rate of each component is properly changed to prepare the
dielectric slurry into a viscosity of approximately 0.5 Pa-s
(which is measured on a condition of Viscotester manufac-
tured by RION Co., Ltd., a VT-04 type viscometer, No. 1
rotor, 62.5 rpm, a one-minute value and 25° C.). Next, the
dielectric slurry is used to form the dielectric green sheet in
the following manner. More specifically, a roll of a PET film
having a predetermined width is prepared to set the roll onto
a supply side of a casting device, and the dielectric slurry is
subjected to casting (coating) thinly in a uniform thickness
over an upper surface of the PET film by a conventional
technique such as doctor blade or lip coating. Thereafter, the
dielectric slurry subjected to the casting to have a sheet shape
is heated and dried by means of a heater disposed between a
supply side and a wind-up side in the casting device so that a
dielectric green sheet having a thickness of 5 um (an unsin-
tered dielectric layer serving as the dielectric layer 104) is
formed.

[0069] Moreover, the nickel green sheet is fabricated by
almost the same method as that in case of the dielectric green
sheet. First of all, a dispersing agent and a plasticizer are
added to nickel powder (metal powder) having a mean par-
ticle diameter of 0.7 um. Terpineol is used as the dispersing
agent and an organic binder is further added, and they are
mixed together. Next, a mixture is used to form the nickel
green sheet. More specifically, a roll of a PET film having a
certain width is prepared and set onto the supply side of the
casting device, and the mixture is cast onto an upper surface
of'the PET film thinly in a uniform thickness. Thereafter, the
mixture cast to have a sheet shape is heated and dried by
means of a heater so that a nickel green sheet having a thick-
ness of 9 um (unsintered electrode layers serving as the nickel
electrode layers 102 and 103) is formed.

[0070] Subsequently, a punching mold is used to cut the
dielectric green sheet and the nickel green sheet into 150 mm
square. In this stage, each green sheet has not been cured yet.
Therefore, punching can be carried out comparatively easily.
In addition, a crack can be prevented from occurring.

[0071] Next, the nickel green sheets serving as the nickel
electrode layers 102 and 103 are laminated on both sides of
the dielectric green sheet serving as the dielectric layer 104,
respectively. More specifically, the nickel green sheet having
the PET film is laminated and disposed on a single side of the

Sep. 24, 2009

dielectric green sheet (a surface on a side where the PET film
is not present). Next, a laminating device is used to apply a
pressing force on a condition of 80° C. and 500 kgf/cm? to
carry out contact bonding. After the PET film of the dielectric
green sheet is peeled, the nickel green sheet having the PET
film is laminated and disposed on a peeled surface of the
dielectric green sheet. Then, a pressing force is applied on a
condition of 80° C. and 750 kgf/cm? by using the laminating
device to carry out the contact bonding.

[0072] Subsequently, laser perforating is carried out over
the dielectric green sheet serving as the dielectric layer 104
and the nickel green sheets serving as the nickel electrode
layers 102 and 103 while the PET film is maintained to be
attached. As a result, the through hole 109 penetrating the
dielectric green sheet and the nickel green sheet is formed
before burning. Then, the sheets are cut into 25 mm square by
means of a general purpose cutting machine and the PET film
is then peeled so that an unsintered and laminated body is
obtained. In the unsintered and laminated body, the dielectric
green sheet and the nickel green sheet are laminated and
disposed.

[0073] Thereafter, the unsintered and laminated body is
degreased at 250° C. for 10 hours in the air, and furthermore,
is burnt for a certain time at 1260° C. in a reducing atmo-
sphere. As a result, barium titanate and nickel are heated and
sintered at the same time so that a sintered body (the ceramic
capacitor 101) is obtained in which the first nickel electrode
layer 102 having a thickness of 8 pm, the dielectric layer 104
having a thickness of 4 um and the second nickel electrode
layer 103 having a thickness of 8 pm are laminated in order.
[0074] Next, an acetic acid solution containing a silane
coupling agent (KBM-403 prepared by Shin-Etsu Chemical
Co., Ltd.) in a concentration of 1 wt % is mixed. This is
impregnated with the burnt ceramic capacitor 101 for one
minute and is then pulled up. Thereafter, the excessive silane
coupling agent remaining on the surface is washed away and
drying is then carried out at 110° C. for five minutes.

[0075] At a subsequent accommodating step, first of all, an
opening at the core front surface 12 side of the housing hole
90 is sealed with an adhesive tape 171 which can be peeled.
The adhesive tape 171 is supported by a support table (not
shown) provided with a heater (not shown). Next, a mounting
device (manufactured by Yamaha Motor Co., Ltd.) is used to
accommodate the IC chip 61 in the housing hole 90 such that
the core front surface 12 and the chip front surface 62 are
directed to the same direction and the core back surface 13
and the chip back surface 63 are directed to the same direction
(see FIG. 4). At this time, the IC chip 61 is temporarily fixed
by attaching the surface of each surface connecting terminal
65 onto an adhesive layer of the adhesive tape 171.

[0076] At a subsequent filling step, a dispenser device
(manufactured by Asymtek Co., Ltd.) is used to fill the resin
filler 92 formed by a thermosetting resin (which is prepared
by NAMICS CORPORATION) in the clearance between the
housing hole 90 and the IC chip 61 (see FIG. 5).

[0077] The filling step may include a first filling step and a
second filling step. In this case, at the first filling step, the
heater of the support table is first operated to heat the support
table at a lower temperature than a curing start temperature of
the resin filler 92. It is advantageous that a temperature of the
support table is equal to or lower than 100° C. and is set to be
100° C. in this embodiment. Without filling into clearances
between the three chip side surfaces 64 and the internal wall
surface of the housing hole 90, the liquid resin filler 92 (a first
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resin filler) is injected by using the dispenser device through
only the clearance between one of the chip side surfaces 64
and the internal wall surface of the housing hole 90. Then, the
resin filler 92 thus injected enters a portion between the adhe-
sive tape 171 and the chip front surface 62 ofthe IC chip 61 by
a capillarity and is moved along the chip front surface 62. At
this time, air present between the chip front surface 62 and the
adhesive tape 171 is pushed out of the housing hole 90 from
the clearance between the chip side surface 64 and the internal
wall surface of the housing hole 90 through the resin filler 92.
The adhesive layer of the adhesive tape 171 is formed of a
silicone based adhesive. Therefore, the resin filler 92 is
smoothly moved over the adhesive tape 171. As a result, a
clearance between the adjacent surface connecting terminals
65 is reliably filled with the resin filler 92. Therefore, it is
possible to prevent a void from being caused by the air
remaining in the housing hole 90. In addition, an end face at
the core back surface 13 side of the resin filler 92 reaches a
level of the chip front surface 62. At the subsequent second
filling step, the liquid resin filler 92 (a second resin filler) is
injected again into the clearance between the internal wall
surface of the housing hole 90 and the chip side surface 64 of
the IC chip 61 by using the dispenser device. Consequently,
the clearance between the housing hole 90 and the IC chip 61
is filled and the end face at the core back surface 13 side of the
resin filler 92 reaches levels of the core back surface 13 and
the chip back surface 63.

[0078] At a subsequent fixing step, the resin filler 92 is
cured to fix the IC chip 61 into the housing hole 90. More
specifically, when a heat treatment is carried out at 120° C. for
one hour, the resin filler 92 is cured so that the IC chip 61 is
fixed to the core substrate 11. After the fixing step, the adhe-
sive tape 171 is peeled. Then, the core front surface 12 and the
core back surface 13 in the core substrate 11 and the surface
of the surface connecting terminal 65 are roughened.

[0079] Based on the conventional technique, next, the first
built-up layer 31 is formed on the core front surface 12 and the
second built-up layer 32 is formed on the core back surface
13. More specifically, first of all, a photosensitive epoxy resin
is applied onto the core front surface 12 and the surface
connecting terminal 65 to carry out an exposure and a devel-
opment so that the insulating layer 33 is formed (see FIG. 6).
Moreover, the photosensitive epoxy resin is applied onto the
core back surface 13 and the chip back surface 63 to carry out
the exposure and the development so that the insulating layer
34 is formed (see FIG. 6). An insulating resin or a liquid
crystalline polymer (LCP: Liquid Crystalline Polymer) may
be applied in place of the photosensitive epoxy resin.

[0080] Furthermore, laser perforating is carried out by
using a YAG laser or a carbon dioxide gas laser to form a via
hole 121 in a position in which the via conductor 43 is to be
formed (see FIG. 7). More specifically, the via hole 121
penetrating the insulating layer 33 is formed and the surface
of' the protruded surface connecting terminal 65 is exposed to
the chip front surface 62 of the IC chip 61. Furthermore,
perforating is carried out using a drilling machine to form, in
advance, a through hole (not shown) penetrating the core
substrate 11 and the interlayer insulating layers 33 and 34 in
given positions. Then, nonelectrolytic copper plating for the
surfaces of the interlayer insulating layers 33 and 34, an
internal surface of the via hole 121 and an internal surface of
the through hole is carried out and an etching resist is then
formed, and subsequently, electrolytic copper plating is per-
formed. Furthermore, the etching resist is removed and soft
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etching is then carried out. Consequently, the wiring layer 41
is formed on the insulating layer 33 by patterning, and fur-
thermore, the wiring layer 42 is formed on the insulating layer
34 by patterning (see FIG. 8). At the same time, the through
hole conductor 16 is formed in the through hole and the via
conductor 43 is formed in an inner part of each via hole.
Thereafter, a cavity portion of the through hole conductor 16
is filled with an insulating resin material (an epoxy resin) to
form the blocking body 17.

[0081] Next, the photosensitive epoxy resin is applied onto
the insulating layer 33 to carry out the exposure and the
development, thereby forming the insulating layer 35 having
aviahole 122 in a position in which the via conductor 43 is to
be provided and a via hole 123 in a position in which the via
conductor 44 is to be provided (see FIG. 9). Moreover, a
photosensitive epoxy resin is applied onto the insulating layer
34 to carry out the exposure and the development, thereby
forming the insulating layer 36 having a via hole 124 in a
position in which the via conductor 47 is to be provided. An
insulating resin or a liquid crystalline polymer may be applied
in place of the photosensitive epoxy resin. In this case, the via
holes 122 to 124 are formed in the positions in which the via
conductors 43, 44 and 47 are to be provided by means of a
laser processing machine. Next, a metal mask (not shown)
having an opening portion for exposing the via hole 123 is
disposed on the insulating layer 35. Then, a copper paste is
printed into the via hole 123 through the metal mask to form
the via conductor 44, and the metal mask is thereafter
removed. Next, nonelectrolytic copper plating for the sur-
faces of the interlayer insulating layers 35 and 36 and internal
surfaces of the via holes 122 and 124 is carried out and an
etching resist is then formed, and subsequently, electrolytic
copper plating is performed. Furthermore, the etching resist is
removed to carry out soft etching. Consequently, the via con-
ductors 43 and 47 are formed in the via holes 122 and 124, and
furthermore, the conductor layers 41 and 42 are formed on the
interlayer insulating layers 35 and 36 by patterning (see FIG.
10). The via conductors 43 and 47 and the conductor layers 41
and 42 are not provided after the formation of the via con-
ductor 44 but the via conductor 44 may be provided after the
formation of the via conductors 43 and 47 and the conductor
layers 41 and 42.

[0082] Next, the ceramic capacitor 101 is mounted on the
insulating layer 35 to be the second layer such that the first
front surface 105 side of the first nickel electrode layer 102
and the first front surface 107 side of the second nickel elec-
trode layer 103 are turned upward (see FIGS. 10 and 11).

[0083] In more detail, a mounter having a heating mecha-
nism is used to mount the ceramic capacitor 101 on the
insulating layer 35 and to press them at a certain pressure
while carrying out heating at 180° C. for one minute. Conse-
quently, a part of the insulating layer 35 enters the through
hole 109 of the ceramic capacitor 101. Therefore, the ceramic
capacitor 101 is reliably positioned (see FIG. 11). At this
time, only a portion of the insulating layer 35 which is pro-
vided around the ceramic capacitor 101 is cured. After the
ceramic capacitor 101 is mounted, a curing step of carrying
out heating at 150° C. for 30 minutes is carried out to cure the
insulating layer 35 and to sinter copper in the paste constitut-
ing the via conductor 44. Consequently, the ceramic capacitor
101 is supported and fixed to the insulating layer 35 to be the
second layer, and furthermore, the second nickel electrode
layer 103 of the ceramic capacitor 101 and the via conductor
44 are connected to each other.
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[0084] Next, the photosensitive epoxy resin is applied onto
the interlayer insulating layers 35 and 36 to carry out the
exposure and the development, thereby forming the interlayer
insulating layers 37 and 38 having via holes 125 and 126 in
positions where the via conductors 43 and 47 are to be pro-
vided (see FIG. 12). An insulating resin or a liquid crystalline
polymer may be applied in place of the photosensitive epoxy
resin. In this case, the via holes 125 and 126 are formed in the
positions where the via conductors 43 and 47 are to be pro-
vided by means of the laser processing machine. At this time,
the ceramic capacitor 101 is perfectly embedded in the insu-
lating layers 35 and 37. In accordance with a conventional
technique, next, electrolytic copper plating is carried out to
form the via conductors 43 and 47 in the via holes 125 and
126. Thus, the terminal pads 23, 24 and 27 are formed on the
insulating layer 37 and the pad 48 for BGA is formed on the
insulating layer 38.

[0085] Subsequently, the photosensitive epoxy resin is
applied onto the interlayer insulating layers 37, 38, respec-
tively, and is cured to form the solder resists 50 and 51. Next,
the exposure and the development are carried out with a mask
disposed so that the opening portions 40 and 46 are formed on
the solder resists 50 and 51 by patterning. Furthermore, the
solder bumps 25, 26 and 28 are formed on the terminal pads
23, 24 and 27 and the solder bump 49 is formed on the pad 48
for a BGA. It is possible to grasp that the state provides a
wiring board group in which a plurality of product regions to
be the wiring board 10 are arranged vertically and trans-
versely in a planar direction. When the wiring board group is
divided into plural, a large number of wiring boards 10 as
individual products are obtained at the same time.

[0086] Then, the IC chip 21 is mounted on the component
mounting region 20 of the first built-up layer 31 constituting
the wiring board 10. At this time, the surface connecting
terminal 22 on the IC chip 21 side and the solder bumps 25, 26
and 28 are aligned with each other. Heating is carried out at a
temperature of approximately 220° C. to 240° C. so that the
solder bumps 25, 26 and 28 are subjected to reflow process.
Consequently, the solder bumps 25, 26 and 28 and the surface
connecting terminal 22 are bonded to each other, and the
wiring board 10 side and the IC chip 21 side are electrically
connected to each other. As a result, the IC chip 21 is mounted
on the component mounting region 20 (see FIG. 1).

[0087] According to the exemplary embodiment, therefore,
it is possible to obtain the following advantages.

[0088] (1) According to the wiring board 10 in accordance
with the exemplary embodiment, the ceramic capacitor 101 is
embedded in the first built-up layer 31. Consequently, the
wiring for connecting the IC chip 61 housed in the housing
hole 90 to the ceramic capacitor 101 is shortened and the
wiring for connecting the IC chip 21 mounted on the compo-
nent mounting region 20 to the ceramic capacitor 101 is
shortened. Therefore, it is possible to prevent an increase in
the inductance component of the wiring. Accordingly, it is
possible to reliably reduce switching noises of the IC chips 21
and 61 through the ceramic capacitor 101 and to surely sta-
bilize a power voltage. Moreover, the noise entering the por-
tion between the IC chip 61 and the ceramic capacitor 101 and
the portion between the IC chip 21 and the ceramic capacitor
101 can be reduced very greatly. Therefore, it is possible to
obtain a high reliability without causing a drawback such as
malfunction.

[0089] (2) In the exemplary embodiment, the signal wiring
111 for electrically connecting the IC chip 61 to the IC chip 21
is disposed in the through hole 109 of the ceramic capacitor
101. Consequently, the signal wiring 111 is shortened. There-
fore, the noise entering the portion between the IC chips 21
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and 61 can be reduced very greatly. Consequently, it is pos-
sible to obtain a high reliability without causing a drawback
such as malfunction. Moreover, the signal wiring 111 is dis-
posed in the through hole 109 so that the wiring is densely
provided in the wiring board 10. Thus, it is possible to reduce
the size of the wiring board 10.

[0090] (3) In the exemplary embodiment, a difference in a
coefficient of thermal expansion is generated between the IC
chip 61 embedded in the wiring board 10 and the other por-
tions (the core substrate 11 and the buildup layers 31, 32) in
the wiring board 10. Therefore, there is a possibility that the
IC chip 61 might be broken due to an application of a great
force to the vicinity thereof. In the exemplary embodiment,
however, the wiring board 10 includes the ceramic capacitor
101 having a coefficient of thermal expansion which is closer
to that of the IC chip 61 than the core substrate 11 and the
buildup layers 31 and 32. Consequently, the difference in the
coefficient of thermal expansion is reduced, so that a great
force can be suppressed in the vicinity of the IC chip 61.
[0091] The exemplary embodiment according to the inven-
tion may be modified in the following manner.

[0092] In the exemplary embodiment, the ceramic capaci-
tor 101 is embedded in only the first built-up layer 31. How-
ever, the ceramic capacitor may be embedded in only the
second built-up layer 32. As shown in FIG. 13, moreover, the
ceramic capacitors 101 and 131 may be embedded in both the
first built-up layer 31 and the second built-up layer 32.
[0093] As shown in FIG. 14, a component mounting por-
tion 212 may be provided to a surface 211 of the second
built-up layer 32 (or the surface 39 of the first built-up layer
31) and a surface mounting component such as a chip capaci-
tor 213 or a register (not shown) may be mounted on the
component mounting portion 212. In this case, the IC chip 61
and a power terminal present in the component mounting
portion 212 (a power pad 216 and a power solder bump 217)
are electrically connected to each other through a power
wiring 218 (a wiring constituted by the wiring layer 42 and
the via conductor 47) provided in the second built-up layer 32.
Moreover, the IC chip 61 and a ground terminal present in the
component mounting portion 212 (a ground pad 219 and a
ground solder bump 220) are electrically connected to each
other through a ground wiring 221 (a wiring constituted by
the wiring layer 42 and the via conductor 47) provided in the
second built-up layer 32. The chip capacitor 213 has a struc-
ture in which a power internal electrode layer and a ground
internal electrode layer are alternately formed through a
dielectric layer, for example. A pair of side surfaces opposed
to each other in the chip capacitor 213 are provided with a
power electrode 214 to be connected to the power internal
electrode layer and the power solder bump 217 and a ground
electrode 215 to be connected to the ground internal electrode
layer and the ground solder bump 220, respectively. When a
DRAM is provided in the housing hole 90 in place of the IC
chip 61 according to the exemplary embodiment, a power
supplying capacitor does not need to have a large capacity.
Therefore, only the chip capacitor 213 can supply a power to
the DRAM.

[0094] Inthe exemplary embodiment, the through hole 109
having the circular shape when seen in the thickness direction
ofthe ceramic capacitor 101 is formed in a plurality of places
in the ceramic capacitor 101. However, the number and shape
of the through holes is not particularly restricted thereto.
[0095] Forexample, when the IC chip 61 is disposed below
the IC chip 21 and the ceramic capacitor 101 is embedded in
the vicinity of the component mounting region 20 in the first
built-up layer 31, each signal wiring 111 is disposed in the
same manner as the surface connecting terminal 22 for a
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signal. For example, when the surface connecting terminal 22
for a signal is formed like a ring, the signal wiring 111 is also
formed like a ring as shown in FIG. 15. In this case, it is
advantageous to form a through hole 141 having a ring shape
when seen from the thickness direction of the ceramic capaci-
tor 101 in one place of the ceramic capacitor 101 and to
dispose all of the signal wirings 111 in the through hole 141.
In this case, the ceramic capacitor 101 is electrically indepen-
dent on an inside region and an outside region of the through
hole 141. Accordingly, the first nickel electrode layer 102
forming the outside region of the ceramic capacitor 101 may
be electrically connected to the power surface connecting
terminal 65 of the IC chip 61. Moreover, the second nickel
electrode layer 103 forming the outside region of the ceramic
capacitor 101 may be electrically connected to the ground
surface connecting terminal 65 of the IC chip 61. The first
nickel electrode layer 102 is electrically connected to the
power surface connecting terminal 65 via an outside of the
ceramic capacitor 101, e.g., through the via conductor 43 and
the front side wiring layer 41. An electric potential of a power
line of the IC chip 61 is instantaneously reduced due to a
switching noise made through a high-speed ON/OFF opera-
tion. However, it is possible to reliably suppress the reduction
in the electric potential of the power line by connecting the
ceramic capacitor 101 in the vicinity of the IC chip 61 with the
IC chip 61 and decoupling the ceramic capacitor 101.
[0096] When the IC chip 61 is disposed below the IC chip
21 and the ceramic capacitor 101 is embedded in the vicinity
of the core front surface 12 in the first built-up layer 31,
moreover, the respective signal wirings 111 are disposed
apart from each other because they are subjected to fan-out. In
this case, as shown in FIG. 16, it is advantageous to form a
through hole 142 having a rectangular shape when seen from
the thickness direction of the ceramic capacitor 101 in a
plurality of places (four places in FIG. 16) of the ceramic
capacitor 101 and to dispose the respective through holes 142
apart from each other. It is advantageous to dispose a plurality
of (two in FIG. 16) signal wirings 111 in each of the through
holes 142.

[0097] Although the IC chip 61 has been used as the first
component to be housed in the housing hole 90 of the core
substrate 11 in the exemplary embodiment, other components
such as an IC chip (a DRAM or an SRAM), a chip capacitor
or aregister may be used as the first component. Although the
IC chip 21 has been used as the second component to be
mounted on the component mounting region 20 in the exem-
plary embodiment, similarly, other components such as an IC
chip (a DRAM or an SRAM), a chip capacitor or a register
may be used as the second component.

[0098] Inthe ceramic capacitor 101 according to the exem-
plary embodiment, the single dielectric layer 104 and the two
nickel electrode layers 102 and 103 are laminated. However,
it is also possible to change the numbers of the dielectric
layers 104 and the nickel electrode layers 102 and 103.
[0099] While the present invention has been shown and
described with reference to certain example embodiments,
other implementations are within the scope of the claims. It
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined
by the appended claims.

What is claimed is:

1. A component built-in wiring board, comprising:

a core substrate having a core front surface and a core back
surface opposite to the core front surface, the core sub-
strate comprising a housing hole opened on at least the
core front surface side;
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a first component having a component front surface and a
component back surface opposite to the component
front surface, wherein the first component is housed in
the housing hole such that the core front surface and the
component front surface are directed to the same direc-
tion;

a first built-up layer formed on the core front surface of the
core substrate, the first built-up layer comprising a plu-
rality of'insulating layers and a plurality of wiring layers,
wherein a surface of the first built-up layer has a com-
ponent mounting region on which a second component
electrically connected to the first component is mounted;

a second built-up layer formed on the core back surface of
the core substrate, the second built-up layer comprising
a plurality of insulating layers and a plurality of wiring
layers; and

a capacitor comprising: an electrode layer; and a dielectric
layer formed on a major surface of the electrode layer,
wherein the capacitor is embedded in at least one of the
first built-up layer and the second built-up layer such that
the major surface is in parallel with a surface of the at
least one of the first built-up layer and the second built-
up layer.

2. The component built-in wiring board according to claim

1, wherein an external dimension of the capacitor is larger
than that of the first component and that of the component
mounting region, and

wherein the first component and the component mounting
region is included in an embedded region in which the
capacitor is embedded, when viewed from a thickness
direction of the component built-in wiring board.

3. The component built-in wiring board according to claim

1, wherein a signal terminal pad is formed in the component
mounting region,

wherein the capacitor has a through hole therethrough,

wherein a signal wiring is provided in the first built-up
layer such that the signal wiring is provided in the
through hole without contacting the capacitor, and

wherein the first component is electrically connected to the
signal terminal pad via the signal wiring.

4. The component built-in wiring board according to claim

1, wherein a power terminal pad and a ground terminal pad
are formed in the component mounting region,

wherein the capacitor is electrically connected to the power
terminal pad via a power wiring provided in the first
built-up layer,

wherein the capacitor is electrically connected to the
ground terminal pad via a ground wiring provided in the
first built-up layer.

5. The component built-in wiring board according to claim

1>

wherein either a surface of the first built-up layer or a
surface of the second built-up layer has another compo-
nent mounting region on which a surface mounting com-
ponent is mounted,

wherein a power terminal pad and a ground terminal pad
are formed in the another component mounting region,

wherein the first component is electrically connected to the
power terminal pad via a power wiring provided in either
the first built-up layer or the second built-up layer,

wherein the first component is electrically connected to the
ground terminal pad via a ground wiring provided in
either the first built-up layer or the second built-up layer.

& * * sk *
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